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Spontaneous Transformation in Cultured Cells
When cells are set up in tissue culture fresh from the animal they may die very rapidly, survive without division and eventually die, or begin to multiply within a short time of explantation. Those cells which undergo division may retain their normal morphology and may go on multiplying for some time. Lines may indeed become permanently established but more usually, after a period varying from days to months, the rate of multiplication diminishes and the cells die.
Occasionally during the period of deterioration rapidly growing colonies appear in the cell sheet. These cells very often present altered characteristics and they go on to multiply indefinitely. This phenomenon is called transformation. Transformation may also occur spontaneously in rapidly growing cell lines but it is less dramatically obvious in this case since the growth rates of the transformed and untransformed cells are about the same. Transformed cells are usually to be distinguished from untransformed cells by certain features, notably altered phenotype, altered karyotype and altered nutritional requirements. Some writers have associated the phenomenon of spontaneous transformation with acquisition of malignant characteristics, but evidence does not suggest that a close relationship exists.
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Neoplastic Transformation Induced in vitro by Polyoma Virus Four tumour viruses have now been reported to produce a transmissible alteration resembling a neoplastic change in cells in culture. Polyoma virus is especially suitable for investigating the mechanism of the neoplastic transformation. It is a common commensal virus of mice, and rapidly induces a variety of tumours after inoculation of new-born animals of several species. Cultures of mouse and hamster cells are susceptible to in vitro transformation by the virus and -become indistinguishable from cultures ofcells from tumours induced in vivo (Vogt & Dulbecco 1960) .
A method has been developed for identifying transformation in individual cells, shortly after exposure to virus, by identifying the colonies which arise directly from these cells. This allows quantitative analysis of the initial events and the factors which influence them. For reproducible results a stable strain of hamster fibroblasts, with high colony-forming capacity, has been used (Stoker & Macpherson 1961 , Macpherson & Stoker 1962 .
When such cells are exposed briefly to a high virus concentration about 10 per cent of cells are transformed and develop into heaped up colonies with a random arrangement of cells. The remaining cells develop into normal colonies even though virus penetration into the cytoplasm has occurred in these as well as in the transformed cells (Fraser & Gharpure 1962 , Stoker 1962 . No residual virus can be detected in either normal or transformed clones.
The virus does not act by selection of preexisting cells, and transformation of single cells, isolated in microdrops after exposure to virus, shows that co-operation between cells, such as transfer of a cell-released transforming factor, is not necessary. The phenotypic expression of transformation may be detected by loss of contact inhibition after five or more cell divisions, and since every cell in the clone may be transformed it may be assumed that the inherited change can occur before the first cell division.
Variation in virus dose suggests that transformation is due to the direct action of a single particle in an individual cell, but the efficiency may be as low as 10 6 in terms of adsorbed virus (Stoker & Abel 1962) . From density gradient studies it is known that transforming particles contain DNA, and are indistinguishable from particles with cytocidal activity in mouse cells. Empty particles deficient in DNA do not initiate transforming or cytocidal infections (Abel & Crawford 1963) .
These results suggest that the DNA from one virus particle acts directly in a susceptible cell and leads to transformation of that cell.
With increasing virus dose the efficiency of transformation falls; this appears to be due to a resistant cell fraction. Various factors have also been found to affect the sensitivity of cells to polyoma transformation and these are being investigated to elucidate the action of the virus.
The essential primary changes in the behaviour of transformed cells may be studied by comparison with untransformed cells derived from the same parent cell after a limited number of generations, and before secondary variation has appeared. The essential features are: (1) Loss of contact inhibition, (2) increased transplantability, and (3) Presence of the virus can be determined in tissue culture systems of green monkey kidney where it produces a cytopathic effect. SV40 readily infected human fibroblasts grownin tissue culture of either embryonic or adult origin. Within two to four weeks following exposure to SV40, a partial cytopathic effect characterized by formation of inclusion bodies, enlargement of nuclei and lysis of a small proportion of cells became discernible. Within six to eight weeks after infection, the appearance of foci of altered 'epithelial-like' cells and increased mitotic activity characterized the beginning of the transformation phase. By then, cells of the infected cultures did not align themselves in one plane but grew on top of each other. This multilayer consisted of 'epithelial-like' cells of polygonal shape with blunt ends and irregular nuclei showing pleomorphism and hyperplasia of nucleoli. Within ten to fourteen weeks after exposure to SV40, the entire culture consisted of transformed cells.
The transformed cultures always yielded SV40, whereas the non-infected control cultures obtained from the same subjects always remained virus-free. Marked chromosomal aberrations accompanied transformation by SV40. The most consistently observed abnormalities were related to the secondary constrictions of the chromosome.
Cloning of virus-infected transformed cultures resulted in isolation of two types of cells: (1) pleomorphic, epithelial-like, growing in irregular piles, and (2) fibroblast-like, similar to noninfected control cultures. Clones of epithelial-like cells always yielded virus, whereas virus was not isolated from clones of fibroblast-like cells. Implantation of transformed cells into isologous donors resulted in formation of a small nodule which, in one case, was found upon examination to consist of a sarcoma-like structure. Implantation of transformed cells into homologous hosts resulted in an often violent 'foreign body' reaction which subsided within a few days.
No growth of tumour was ever observed. This is the first successful attempt to show transformation of normal human cells into abnormal cells in tissue culture systems. As in polyoma transformation experiments, it is impossible to state whether the virus caused direct transformation of the cultures or whether a product of virus infection was the cause of transformation. Regardless of the mechanism of transformation, these findings provide a system for the study of the possible oncogenic effect of other viruses on human cells grown in vitro.
